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Figure 2: Loblolly pine chips 
before and after pre-treatment
Lignocellulosic biomass is increasingly
regarded as a promising, renewable feedstock
for the production of heat, chemicals, fuels,
and electrical power. Another advantage of
HTC is homogenization of many different
feedstocks, which leads to improved handling,
transportation, and storage of thermochemical
feedstocks.
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The noncondensable gases collected in the Tedlar bag were analyzed 
using a gas chromatograph. The aqueous products were sent out for 
lab analysis of total organic carbon, sugars (Fig. 3), and organic acids 
(Fig. 4). The solid char was air dried and weighed. The calorific energy 
content of oven-dried char was measured with a calorimeter, shown in 
Figure 7.
Figure 7. Effect of reaction temperature on the energy content of several feedstocks.
Figure 3. Effect of reaction temperature on the sugar content of several feedstocks.
Figure 4. Effect of reaction temperature on the organic acid content of several feedstocks.
Table 1. Properties of HTC char products.
HTC has been shown to produce a solid char product having
considerably higher energy density compared to the raw feedstock.
The woody biomass has a more energy dense feedstock and shows a
higher increase in energy density than the grasses, as expected. As
shown in Figures 5 and 6, along with the oxygen to carbon ratio in
Table 1, the relative carbon content increases with temperature and
the relative oxygen content decreases. This is ideal to achieve a more
coal-like product.
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Conclusion
A process called hydrothermal carbonization (HTC), also known as wet
torrefaction, involves treatment of raw biomass in hot, pressurized
water. HTC of woody biomass has been shown to significantly
increase the energy density of the feedstock, producing a biochar,
similar to coal, having up to 40% higher calorific energy content.
Feedstocks investigated include Tahoe chips, Pinion/Juniper chips,
Rice hulls, and Corn Stover pellets pre-treated at 215 °C, 255 °C, and
295 °C. Chemical analyses were conducted on the gaseous, aqueous,
and solid HTC products. Energy contents of the solid biochar products
were measured by calorimetry, and mass balances were determined.
Introduction
Figure 1. Schematic of 2 L Parr stirred reactor system used for the HTC process.
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Distilled water and biomass were combined in the reactor in an
approximate 8:1 ratio. Each feedstock was brought up to temperature
and held for 30 minutes, then cooled in an ice bath as shown in Figure 1.
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Figure 5. Effect of reaction temperature on
carbon percentage of several feedstocks.
Figure 6. Effect of reaction temperature on 
oxygen percentage of several feedstocks.
Properties of HTC Char Products
Feedstock Temperature (°C) Mass Yield 
(%)
Energy Densification Atomic 
O/C
Tahoe Chips 215 69.07 1.11 0.639
255 50.69 1.38 0.331
295 50.10 1.45 0.272
Pinyon-
Juniper
215 71.45 1.13 0.608
255 50.58 1.38 0.316
295 48.65 1.36 0.287
Rice Hulls 215 72.57 1.08 0.783
255 55.44 1.18 0.373
295 53.63 1.36 0.289
Corn Stover 215 72.40 1.15 0.499
255 61.91 1.16 0.268
295 58.68 1.11 0.157
